Introduction
Inflation expectations play a crucial role in modern macroeconomics and are a key variable for conducting monetary policy. However, expectations are generally unobservable and only certain proxy variables exist. One way to retrieve information on expectations is to employ survey measures of expected inflation. For Switzerland, surveys on inflation expectations are rare and long time series data hardly exist. The only major source of direct expectation measures is provided in the form of qualitative household responses on inflation expectations in the Swiss Consumer Survey. However, despite the long collection period (since 1972q4 on a quarterly basis), this survey has been mainly ignored by the empirical literature so far.
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In this paper we analyze several methods to appropriately quantify the household inflation expectations in the Swiss Consumer Survey. First, we show why the originally proposed approach of Fluri and Spörndli (1987) has resulted in heavily biased inflation expectations since the mid-1990s. Second, we apply and evaluate different variants of the probability approach (Theil, 1952; Carlson and Parkin, 1975; Dasgupta and Lahiri, 1992; Smith and McAller, 1995) and the regression approach (Pesaran, 1987) . In particular, we argue that the link between observed and perceived inflation rates changed substantially over time (namely in terms of the response thresholds) with consequences for the quantified inflation expectations.
Generally, we make use of the relationship between survey responses on perceived past price developments and observed inflation rates to scale the measure on expected inflation (as suggested by Berk, 1999; Nielsen, 2003) . The unique feature of our data set (compared to e.g. the surveys of the European Commission) is the fact that there is a one to one mapping between the answers of perceived and expected inflation (the survey comprises the same kind of questions and the same categories of answers).
Our analysis indicates that three quantification methods that allow for some time variation in the response thresholds perform equally well: Kalman filter based estimates, rolling regression techniques and smooth transition estimates. The latter method explicitly links the quantification thresholds to past inflation trends and is new in this setting. All three 1 The only exception we are aware of is Fluri and Spörndli (1987) .
2 3 variants have the advantage that they do not require the assumption of unbiasedness of inflation expectations. As a byproduct we are able to compute a measure of disagreement of inflation perceptions and expectations which follows naturally from the quantification methods.
The quantified series show that there has been a significant shift in expectation formation after 2000. Inflation expectations have become better anchored, but less adaptive and forward-looking. Additionally, expectations display lower disagreement after 1999. The shift coincides with the adjustment to a new policy framework with an explicit definition of price stability by the Swiss National Bank (SNB).
Finally, we compare the quantified inflation expectations of households with those of professional forecasters (data from Consensus Economics). In terms of predictability of inflation the quantified household expectations perform similar to those of professionals.
However, causality tests suggest that professional forecasts Granger cause household expectations and not vice versa. We show that a sticky information model as proposed by Carroll (2003) is able to explain the link between household and professional forecasters' inflation expectations. Our results suggest that about 25% of households update their information set in each quarter, which closely matches the results for the US.
Data set
The Swiss Consumer Survey is conducted quarterly by the State Secretariat for Economic Affairs (SECO). Question 2 of the Consumer Confidence Survey comprises an assessment of past price fluctuations and expected price developments:
• 2.1 How, in your view, have prices changed over the last 12 months?
Have they ...risen sharply; risen slightly; remained virtually unchanged; fallen slightly; fallen sharply; Don't know; No answer given.
• 2.2 How, in your view, will prices change over the next 12 months?
Will they ...rise sharply; rise slightly; remain virtually unchanged; fall slightly; fall sharply; Don't know; No answer given.
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The survey was conducted for the first time in 1972q4. From 1972q4 until 1996q4 negative price changes were summarized in one category. As negative price changes were summarized between 1972 and 1996 we will do the same for the remaining data.
In the beginning the sample size was around 500 households, from 1981q1 until 2012q1 the survey was based on answers of roughly 1100 households and from then on answers of approximately 1200 households.
An advantage of the Swiss survey is that both questions regarding the near past and the near future are phrased in the same way. Other surveys often change their pattern of asking, e.g. the European Commission Consumer Survey (EC) asks in retrospect about changes in the price level, whereas the forward-looking question focuses on changes in the inflation rate. Figure 1 gives an overview of the evolution of the different answer categories for both, inflation perceptions and inflation expectations. Over time the shares of the different answer categories are not stable, but move quite distinctly as the perception about past price developments and expectations about future price developments change.
The quantification of qualitative data
There has been a long tradition to transform aggregate qualitative response data into quantitative measures of expectations (see Theil, 1952 , for a first application). The basic idea is that fractions of aggregated responses reveal something about the magnitude of expected price changes. Generally, we can distinguish two basic approaches to quantify aggregate responses on qualitative expectations: a) the probability method and b) the regression approach. The probability method assumes that the answers of the respondents follow from a subjective probability function that can be characterised by a few parameters.
The regression approach is less causal and simply utilizes the statistical relationship of respondents' perceptions of the past (by means of a time series regression) as a yard stick for the quantification of respondents' expectations about the future (see Pesaran, 1987) . 
Expert versus household expectations
Before we present the method for quantification some general considerations should be taken into account. First, to judge the quality of our quantification method, it would be desirable to compare it with quantitative inflation expectations. For households in Switzerland however, these measures do not exist. Where possible, we compare the quantified expectations with forecasts made by professionals (i.e. with Consensus Economics from 1998 onwards). As another benchmark, we investigate how closely our quantified expectation measures follow the realized inflation rate and therefore different error measures are calculated. Throughout our analysis we never try to minimize specific error measures (instead we try to model the relationship of observed and perceived inflation rates and use this relationship to calculate the expectation series).
Another issue is the reliability of inflation expectation measures obtained from household surveys. A priori it is unclear whether mostly uninformed households have any intuition about aggregate price changes and inflation developments. However, for the US, 
The probability approach
The proposed probability method for the Swiss household survey relies on the procedure popularized by Carlson and Parkin (1975) , which is often called Carlson-Parkin method (CP method). The basic method was proposed for three categorial answers where the respondents can choose between the answers 'prices will increase', 'prices will decrease' 7 and 'prices will remain constant'. This method has been used quite extensively (see Nardo, 2003 , for an overview) and can be easily modified for more than three categorial answers. 2 Fluri and Spörndli (1987) also employ the standard Carlson-Parkin method for calculating inflation expectations from the Swiss household survey.
In the following, we propose some refinements to the basic probability approach to extract more reliable information from the data on price expectations. In particular we employ the answer on inflation perceptions to rescale the data on price expectations (see Pesaran, 1987; Batchelor and Orr, 1988; Berk, 1999 , for a similar proposal). This procedure has the advantage that one does not need to impose unbiasedness of inflation expectations.
Instead, we can use the observed relationship between effective past price movements and survey answers on perceived inflation.
More formally, the probability method assumes that each respondent i forms a subjective probability distribution for future inflation which can be characterized by a mean µ it and a standard deviation σ it and answers the question according to this distribution.
This distribution f i (y it ) is assumed to be the same across agents. In the consumer survey the respondents can choose among four categories of answers. The method assumes: The respondents answer prices will 'go down', 'stay the same', 'will rise moderately' and 'will
between −δ L it and δ U it can be interpreted as a 'just-noticeable difference' in inflation and the threshold λ it separates the 'moderate rise' category from the 'strong rise' category.
Given the response fractions from the surveys one can define the probabilities that characterise the aggregate distribution function. Figure 2 gives a graphical representation. The aggregate probabilities can be calculated from the survey responses according
We also for the perceived price changes of the past. Figure 2 gives a graphical representation.
The probability method assumes that individual subjective probability distributions can be aggregated to a joint probability distribution which is characterized by a mean µ t and a standard deviation σ t for the expected inflation rate. If we further assume that the indifference interval is symmetric −δ L t = δ U t = δ t around zero, we can express the first two moments as functions of the quantiles of a normal distribution a t , b t and c t and the rate of inflation which is seen as moderate λ t . In this case, the mean expected inflation rate
The particular choice of the scaling parameter (which is given by λ t in our case) turns out to be the crucial assumption for converting qualitative response data. Carlson and Parkin (1975) and Fluri and Spörndli (1987) assume that the scaling parameter is time 9 invariant. They scale inflation expectations to match the average inflation rate over the sample period:
, where π t+4 is the realized one year ahead inflation rate. Note that this assumption automatically implies that inflation expectations are on average unbiased. 4 We circumvent this rather strong assumption by calculating λ t using the information based on past inflation perceptions. Additionally, the assumption of a time-invariant scaling parameter is rather strong. For instance, Batchelor and Orr (1988) argue that the indifference interval may depend on the level of past inflation rates or the standard deviation of inflation and should therefore be time varying. Therefore, we discuss methods that allow for time variation of the scaling parameter.
To calibrate λ t we utilize consumers assessment on past price developments (similar to Berk, 1999) . Since past price developments can be observed and should be related to an aggregate price index, we can rescale the fraction of survey answers to match on average the realized inflation rate. Similar to the answers on expected price developments, we denote a t , b t and c t as the abscissae of the distribution function for perceived inflation.
Then perceived inflation can be expressed as µ t = λ t (a t +b t )/(a t +b t −2c t ). This approach assumes that the response threshold is the same for inflation perceptions and expectations. 5
Allowing for time-varying scaling parameter

Change in the inflation environment
The main idea of allowing for a time-varying scaling parameter is to better capture shifts in the inflation environment. Figlewski and Wachtel (1981) based on the Livingston survey strongly argue that it is essential to allow for time variation in the expectation formation process. Breitung and Schmeling (2013) find evidence that allowing for time variation of 4 Alternatively, Batchelor (1982) put forward another form of unbiasedness: the notion of statistical unbiasedness. In this case,λ is obtained from the regression of πt+4 on (at + bt)/(at + bt − 2ct). For the Swiss Consumer Survey, both methods produce similar results for λ.
5 One extreme is to assume that the perceived inflation rate always equals the realized inflation rate, which implies that π P t = µ t = πt. In this case, the parameter λt is perfectly determined and time varying (this has been applied by Nielsen, 2003) . However, we state that only on average this assumption holds, which implies π P t = µ t = πt + ut, with ut of mean zero and finite variance.
10 the response thresholds is the main issue to improve the basic CP method.
In the context of the probability approach this means the following: What respondents assess or feel to be a moderate rise in prices could change over time. If people live in an environment of generally higher inflation rates and higher variance in the inflation rates, their threshold of what they feel to be a moderate price increase might be higher. In times of low inflation rates and low volatility people get used to a different environment and their assessment of what they believe to be a moderate price increase is most probably lower.
Lahiri and Zhao (2014) find for US data that there is a statistically positive link between the actual inflation rate and the thresholds, and inflation uncertainty has an influence on the width of the indifference interval.
In Switzerland, the inflation environment changed in the first half of the nineties (see Stulz, 2007) . The mean and the variance of inflation have both decreased in the nineties compared to previous years -there was a shift towards lower and more stable inflation.
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To allow therefore for time variation might improve our quantification results.
Rolling regressions
A simple way of introducing time variation of the parameter λ t is by performing regressions based on a rolling window. Lahiri and Zhao (2014) applied this simple version of timevarying parameters. In our case we run the regression π t = λ(a t + b t )/(a t + b t − 2c t ) + u t using a sample window from t − w + 1 to t. This implieŝ
This procedure has the advantage that no future information is included in estimating λ. However, this method does not allow for rapid changes since all observations in the window sample are treated equally. Furthermore, one needs to calibrate the parameter w of the window size and the first w observations of the survey cannot be used. However, Lahiri and Zhao (2014) report encouraging results for the Michigan survey by allowing for a rolling window.
6 Stulz (2007) finds a structural break point for September 1993.
Time-varying coefficients model
Another way of introducing time variation is to assume that coefficients might change permanently in time. Seitz (1988) proposed a state space model and used the Kalman filter to estimate a time-varying response threshold for the case with three categorial answers. Under the assumptions made for eq. (1) the state space system consists of two equations, given by
While the first equation is the measurement equation which relates the observed inflation rate to the qualitative answers on perceived inflation, the second equation specifies the law of motion of the unobserved state variable (or transition variable). In our case this is the rate of inflation which is qualified as a 'moderate' rise in prices. For applying the Kalman filter we assume that u t ∼ N (0, (1−γ)σ 2 ) and e t ∼ N (0, γσ 2 ) and initial conditions for the state (and its variance). Next, we are able to estimate the unknown parameters σ and γ.
Finally, we can apply the Kalman filter and smoother to obtain the filtered or smoothed values of the unobserved state (which are given byλ f il t andλ sm t , respectively). 7
The time-varying coefficients model allows to estimate λ t at each point in time (therefore this procedure avoids the problem of missing observations at the beginning of the sample). Moreover, the model is more flexible to take into account more rapid changes in the response threshold. Similar to the method of rolling windows, the time-varying coefficients model is a purely statistical model and it leaves open what causes the time variation in λ.
Smooth transition models
As an alternative we propose a smooth transition model (STM) to allow for time variation in the scaling parameter. The idea is to define a transition variable which moves the scaling 12 parameter of the probability approach in time. This model allows for a flexible impact and can be thought of some sort of regime-switching model. The appeal of this model is that we can relate the transition of the scaling parameter to some economic variable. As pointed out by Batchelor and Orr (1988) we should expect the scaling parameter to be a function of the past inflation level (or trend inflation) and/or of the standard deviation of inflation. This model allows to test for these relations.
More precisely, our smooth transition model has the following form:
where G(s t ; γ, c) is the transition function which is a continuous function that is bounded between 0 to 1. The transition variable s t is either a measure of trend inflation or of inflation volatility. As the transition function we choose a first order logistic function
The resultant model is a logistic ST model (see e.g. van Dijk et al., 2002) . The parameter γ defines the smoothness of the transition from one regime to the other. 8 The parameter c can then be interpreted as the threshold between the two regimes. Given this model, the estimated scaling parameterλ st t is time varying, given asλ st t =φ + G(s t ;γ,ĉ)φ . The clear advantage of the STM approach is that the response threshold is directly related to an observed variable. 
Alternative quantification methods
The most simple method to summarise the information of qualitative survey data is to compute a balance statistic of the survey answers. In its basic form the balance statistic is the balance of positive and negative answers. In the case of the consumer survey on price developments this is the difference between the fraction of participants that expects positive price changes (given by C t + D t ) and those that expect price decreases (given by A t ). To employ the full set of information of the survey it is natural to augment the balance statistic and take into account the different notions of price increases. If one assumes that 'sharp' price increases should have a higher weight relative to 'slight' rises, we can compute the balance statistic as
Obviously, this relative weighting scheme is quite ad hoc and not always empirically justified. 9
A more flexible approach has been proposed by Pesaran (1984) . He invented the socalled regression approach which builds on the less flexible balance statistic. The idea of this procedure is to use the linear relationship of the actual observed time series and the respondents' perception on this series as a yard stick to calibrate the relationship of future outcomes. This approach does not need the justification in terms of subjective probability distributions of individual respondents. 10 In case of our survey the regression approach is set up on
and the corresponding inflation expectations are given by E t π t+4 = αC t + βD t − γA t .
Note, that the balance statistic is a restricted version of the regression approach, where α = 0.5c, β = c and γ = 1.5c (c is only a scaling factor).
The regression approach is flexible and easy to apply. 11 However, the theoretical 9 To rescale the balance statistic to expected inflation one can use a similar method as for the probability method by regressing the future inflation rate on balt (i.e. Etπt+4 = c balt).
10 However, in some cases the regression approach and the probability methods are equal (in the case where a uniform distribution is used).
11 Pesaran (1987) also presented an asymmetric variant. The approach can also be extended to exhibit 13 justification for consumers who do not have private information and normally observe an aggregate measure of prices (e.g. the CPI) is less clear. Pesaran (1987) assumes for his method that individuals experience different price developments for their firms, which implies that A t , B t and C t from eq. (7) are approximately the fractions that experience a fall, a slight rise and a strong rise in prices, respectively. As long as the method can also be derived from the probability approach it may serve to us as an additional benchmark. 12 1973 -1980 1981 -1990 1991 2001 -2013 1981 -2013 First, we investigate how closely connected quantified expectations are with realized inflation rates. Table 2 shows the RMSEs of different quantification methods. First, we observe that the original Fluri and Spörndli procedures FS1 and FS2 display relatively large RMSEs relative to the alternatives. This is primarily caused by a large positive bias time variation in the coefficients, e.g. by employing similar methods as in section 3.3. 12 To allow of some time variation a rolling-regression approach is also applied to the Pesaran method. (see table 3) since the mid nineties. The average bias of yoy inflation after 2001 amounts to more than one percentage points and turns out to be statistically significant. This is a result of the assumption of fixed λ. It is therefore not surprising that Berk's method BK that uses the relation between perceived and realized inflation rates displays the same pathology (since it also assumes a constant λ). It seems therefore essential to take into account the time variation. Figure 3 shows the time-varying response threshold λ for several quantification methods. We see that the threshold from a moderate to a high price development changed significantly. It decreased substantially for all three methods roughly around the year 2000. Therefore, those methods that allow for some time variation of the scaling parameter display smaller errors and less bias.
Results
Comparison and evaluation of different quantification methods
Overall, the smooth transition model is quite accurate (in particular in the latest subperiod). But also the results based on the simple rolling procedure are encouraging.
However, the simple rolling procedure has the disadvantage that a training sample is needed to estimate λ, which leaves us with less observations in the beginning of the sample. quarterly series of Consensus Economics has the same forecast horizon and is collected slightly after the consumer survey.
It is also interesting to see how our inflation expectation measures perform relative to other benchmark models. Interestingly, survey expectations perform much better than autoregressive models. This may be mostly explained by the fact of instability (namely a shifting mean in inflation). But even when some time variation is introduced by rolling regressions, most expectation series show better accordance with realized inflation than AR models do. These findings are in line with Ang et al. (2007) who show that in the US survey based forecasts of inflation outperform econometric time-series models.
Generally, from the above empirical analysis we can infer that the Fluri and Spörndli procedure is unable to track inflation after 2000. Once allowing for time variation in λ, which can be inferred from the relationship of inflation with inflation perceptions we receive much more plausible results. The smooth-transition, the Kalman filter and the rolling regression approach show similar results (in particular since the late 90s) and 18 are closely related to realized inflation. They also show similar properties than those of professional forecasts (see also figure 4 and 5). Households' and professional forecasters' expectations seem to be quite in line. Table 4 shows different tests on the formation of the quantified inflation expectations, similar to Mankiw et al. (2004) . As the the smooth-transition model (STM), the Kalman filter approach (KALFIL) and the rolling regression method (BKROLL) gave encouraging results we focus in the following analysis on those models. Furthermore, we also perform the tests for the Consensus Economics data (CONSENS). 
Expectation formation
Some policy insights
In this section we investigate whether expectations are anchored at a certain policy target and how disagreement evolves over time. The Swiss National Bank adjusted its monetary policy framework in the first quarter of 2000 (while the adjustment was announced in December 1999). Among other things it gave a clearer definition of what it considers as price stability. In its press release of 10 December 1999 it announced that it considers price stability to have been achieved with an inflation rate, as measured by the Swiss consumer price index, of less than 2% per annum. We therefore look at the period before and after the adjustment of the policy framework and whether it had any implications for the formation of expectations.
We conduct a simple test to see how closely inflation expectations follow the inflation 19 20 20 target (we follow the ideas of Bomfim and Rudebusch, 2000) . This approach is related to the notion of regressive expectations where expectations adjust (or regress) to some long-run normal level (see Figlewski and Wachtel, 1981) . In our case this could be the implicit inflation target of the central bank (or simply the long-term mean in inflation).
Although the SNB defines price stability as an annual rise of less than 2% in the consumer price index, one can assume implicitly an inflation target of 1% over a longer run. This implicit 1% target has quite a long tradition within the SNB (see Rich, 2003; Peytrignet, 2007) . Before 2000, it is hard to assume any implicit inflation target, even though also at that time the 1% seems to have had a prominent place (see Rich, 2003) . However, the realized inflation rate fluctuated much more and we therefore construct a proxy based on the recursive HP-filter with a high parameter for lambda (to receive a very persistent series). If we apply the recursive HP-filter from 2000 on, we get closely to the 1% value. higher inflation rates and a stronger adaptive component as suggested by Gibson (1972) .
The fact that inflation expectations became more anchored could have several reasons:
a) It is a direct result of the new monetary policy framework with an explicit definition of price stability, which helps to anchor inflation expectations of consumers at the communi- Figure 6 shows the evolution of disagreement/dispersion over time. The dispersion measure is given byσ t = −2λ t /(a t +b t −2c t ). Dispersion dropped substantially around 2000, which is mainly a result of the lower estimated response threshold λ which significantly decreased around 2000 ( figure 3 ). This indicates that the change in the monetary policy framework not only anchored the expectations more closely at the target (see above), but also led to less dispersion in expectations. To investigate the evolution of disagreement in inflation expectations further, we can perform some formal tests (similar tests were conducted by Dovern et al., 2012; Andrade and Le Bihan, 2013) . 1972q4-2013q4 1972q4-2013q4 1984q4-2013q4 Notes: Newey-West standard errors. The dependent variable is the dispersion measure of expected inflation rates. "post-1999" denotes a dummy variable that equals 0 before 2000 and 1 thereafter; "rec" denotes a dummy variable that equals 1 during recession and 0 otherwise; "ogap" denotes the ex post output gap estimated of the SNB production function approach.
The evolution of forecast disagreement over time
Statistical significance at * : 10%, * * : 5%, and * * * : 1%.
We find that the dispersion measures are related to macroeconomic uncertainty variables. Higher macroeconomic volatility with respect to inflation seems to be correlated with dispersion. 15 Furthermore, we can confirm Mankiw et al. (2004) 's finding that dis- 13 We employ the recession definitions from Siliverstovs (2013) . 14 We take the output gap definition by the SNB which is based on a production function approach. 15 Other measures such as the relative price variability were not found to be a significant determinant of persion rises with the level of inflation. Additionally, we find that in downturns (or in periods of negative output gaps) disagreement is on average larger. Interestingly, the time dummy remains significant after 1999 although we controlled for other major factors that influence dispersion. This might be further evidence that monetary policy might have contributed to the decline in disagreement.
Taking together the findings from the last two subsections there is evidence that the expectation formation process of Swiss consumers changed as a result of the new monetary policy framework of the SNB. This is fully in line with the famous Lucas critique (Lucas, 1976) .
How do households and professional forecasters relate to each other?
To explain the dynamics of inflation expectations of households, Carroll (2003) proposed a model of sticky information. The basic idea is that household update their information set infrequently and when they update they take into account the information of professionals which are generally more informed and closer to market relevant information. One statistical pre-condition for this view is that inflation expectations of professionals Granger-cause household's expectations and not vice versa. Table 7 shows the results of this tests for the sample period where both measures exist. As stated by Carroll's (2003) model this is indeed the case.
As a next step, the expectation formation of the households can now be explained by professional expectations (see Carroll, 2003; Doepke et al., 2008) . The sticky information model claims that information disseminates by a certain speed from professionals to dispersion.
households, i.e. a fraction of the households updates its information set and absorbs news from professional forecasts. Doepke et al., 2008) . This indicates that Swiss households seem to process information faster than in most European countries (but similar to US consumers).
Conclusion
We showed that quantification methods allowing for time variation in the response threshold and including survey responses on perceived past price developments delivered the most promising results in tracking realized inflation. As the inflation environment changed in the nineties to significantly lower inflation and inflation volatility, models that do not allow for time variation in the response threshold like Fluri and Spörndli (1987) become heavily biased after 2000. In particular, the smooth transition model that we suggest as an innovation to quantifying qualitative survey response data on inflation expectations performs well.
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A Appendix
A.1 Descriptive statistics 
